Case
====

An 11-year-old female was being treated for low-grade astrocytoma with carboplatin and vincristine. The patient was also receiving levothyroxine for central hypothyroidism, ondansetron for chemotherapy-induced nausea, omeprazole for gastrointestinal reflux, and trimethoprim-sulfamethoxazole for *Pneumocystis jirovecii* pneumonia prophylaxis. Notably, she was not receiving any steroids. On day 15 of cycle five (carboplatin dose number 22), the patient reported acute lower back pain prior to receiving chemotherapy. Her physical exam was unremarkable. She had a stable macrocytic anemia and normal platelet count ([Table 1](#t1-jbm-5-055){ref-type="table"}). Thought to be of musculoskeletal origin, the back pain resolved with hydromorphone and ibuprofen. Vincristine 2 mg (max dose) and carboplatin 294 mg (175 mg/m^2^) were administered. She developed abdominal pain, diarrhea, chills, and tachypnea within approximately 8 hours of chemotherapy administration. The following morning, upon arrival at the local emergency room, she was afebrile, tachycardic, hypertensive, tachypneic, and hypoxemic. She had diffuse abdominal tenderness, delayed capillary refill time, and a normal neurologic exam. She had worsening anemia (with rouleaux formation but without schistocytes) and had acute renal failure and hepatitis ([Table 1](#t1-jbm-5-055){ref-type="table"}). Transfusion support and broad-spectrum antibiotics were initiated. She was started on continuous positive airway pressure, and remained alert and interactive.

Possible explanations of the patient's acute presentation include; hemolytic uremic syndrome (HUS), atypical HUS, viral hepatitis, autoimmune hemolytic anemia, sepsis with disseminated intravascular coagulation (DIC), and toxic exposure. Concurrent with this patient's presentation, there was an epidemic of HUS occurring in her community. She denied similar exposures to those reported by the affected patients. Review of the peripheral smear did not demonstrate the typical significant schistocytosis found in HUS. Furthermore, stool cultures were negative. While the patient presented acutely with multi-organ failure, she was not febrile and did not have the characteristic distributive shock associated with bacterial sepsis. Blood culture at the time of admission grew non-typable *Haemophilis influenzae*; repeat cultures after 24 hours of cefepime were negative. It seemed that her severe illness could not be primarily attributed to this positive culture because she was not neutropenic, non-typeable *H. influenzae* is not typically associated with severe infection, and the culture cleared quickly with appropriate antibiotics.

Computed tomography (CT) of the chest, abdomen, and pelvis done on hospital day 2, demonstrated a small right pleural effusion, multi-focal nodular ground glass and tree-in-bud opacities in both lungs concerning for atypical infections or diffuse alveolar injury, hepatic steatosis versus edema, and edematous kidneys. An endotracheal aspirate culture grew *Aspergillus*. As she was not neutropenic and had not been on steroids previously, this appeared to be consistent with laboratory contaminant. Furthermore, her chest CT did not reveal the typical findings associated with invasive pulmonary aspergillosis. Serum viral studies were negative except for Epstein--Barr virus (EBV polymerase chain reaction: 320 copies/mL). Serum cortisol was normal at 46 μg/dL. Acetaminophen level was less than 10 μg/mL.

While undergoing dialysis on hospital day 2 the patient complained of severe headache, became lethargic, and required intubation. Her pupils became fixed and dilated. Head CT demonstrated diffuse cerebral and cerebellar edema ([Figure 1](#f1-jbm-5-055){ref-type="fig"}). An external ventricular drain was placed. Approximately 40 hours into the hospitalization, she had no brain or brainstem activity. She was pronounced dead 64 hours after initial presentation to our hospital.

The temporal relationship between the patient's acute deterioration and the administration of carboplatin and vincristine suggested that one of these agents or the fluids accompanying them was the cause for multi-organ failure and death. The hospital's carboplatin and vincristine stock concentrations and the patient's doses were verified. The patient had received the only dose of carboplatin from a specific manufacturer on that day, while many patients had received vincristine from the same supplier. The stock of carboplatin was quarantined. Evaluation for organismal and toxic contamination was unrevealing. An US Food and Drug Administration (FDA) MedWatch alert was placed. No other reports of hemolytic anemia or multi-organ failure were reported in patients receiving carboplatin from this specific manufacturer.

An initial direct anti-globulin test (DAT) at our institution was negative. Evidence of intravascular hemolysis associated with acute renal failure, hepatitis, and coagulopathy, plus concern that the other findings did not fully explain her severe clinical presentation prompted repeat DAT and collection of multiple samples for investigation of carboplatin drug-induced immune hemolytic anemia (DIIHA), by the American Red Cross in Pomona, CA, USA. The repeat DAT was strongly positive for immunoglobulin (Ig) G (3+) and C3 (3+) as well as weakly positive (1+) for IgM. The patient's serum was found to contain strongly reactive carboplatin-dependent IgG and IgM antibodies that agglutinated (titer =2) and sensitized (titer =32) carboplatin-treated red cells but not untreated red cells. The patient's serum also agglutinated (titer =16) and sensitized (titer =128) untreated red cells in the presence of a solution of carboplatin; there was no reactivity in the control without drug added. A weak drug-independent antibody was also found in an acid eluate prepared from the patient's red cells. This testing confirmed carboplatin-induced immune hemolytic anemia.

A post-mortem exam was requested for the patient by our institution, but the family declined.

Discussion
==========

DIIHA is a rare cause of hemolytic anemia with an estimated incidence of one per million individuals.[@b2-jbm-5-055] Over 125 drugs have been implicated in DIIHA, with additional drugs reported to be associated with hemolysis but not meeting the full criteria for DIIHA.[@b2-jbm-5-055] The mechanism and severity of hemolysis varies among different drugs. Approximately 15% of the implicated drugs are anti-neoplastic agents.[@b2-jbm-5-055],[@b3-jbm-5-055]

These drugs cause immune hemolysis through drug-dependent and drug-independent mechanisms. Drug-dependent antibodies can result in hemolytic anemia through two mechanisms.[@b3-jbm-5-055] In the first, a drug binds covalently to proteins on the red cell membrane, then anti-drug antibodies bind to the drug-red blood cell (RBC) membrane complex, resulting in extravascular hemolysis. Two hypotheses have been proposed to explain the second mechanism.[@b3-jbm-5-055] According to the immune complex hypothesis; anti-drug antibody combines with the drug to form an immune complex. This immune complex then attaches to the RBC membrane and activates complement. Alternatively, the neoantigen hypothesis suggests that the drug binds to the RBC membrane and changes the membrane forming a novel antigen that is part red cell membrane and part drug. Specific anti-drug antibodies then bind to the neoantigen, which may fix complement.

The mechanism of antibody formation in drug-independent hemolytic anemia is poorly understood but has been attributed to molecular mimicry, drug adsorption causing red cell membrane alteration, or immune dysregulation.[@b3-jbm-5-055] The antibody reacts in vitro in the absence of drug. Laboratory and clinical findings are identical to RBC autoantibodies and autoimmune hemolytic anemia (AIHA). The treatment of choice for DIIHA is supportive care and immediate withdrawal of the causative agent. Steroids or intravenous IgG are not indicated for drug-dependent DIIHA. However, these therapies may provide some benefit in treatment of drug-independent DIIHA given the similarities to AIHA.[@b3-jbm-5-055],[@b4-jbm-5-055] Hence, DIIHA may result in life-threatening or fatal hemolytic anemia.[@b2-jbm-5-055],[@b3-jbm-5-055]

Platinum-based chemotherapies result in cytopenias through marrow suppression but may also cause cytopenias through immune mediated mechanisms.[@b5-jbm-5-055],[@b6-jbm-5-055] IgE mediated hypersensitivity reactions occur with platinum-based chemotherapies as well, but likely through a separate mechanism from immune-mediated cytopenias.[@b7-jbm-5-055] There have been several reports of oxaliplatin-induced immune cytopenias in the literature;[@b5-jbm-5-055],[@b6-jbm-5-055],[@b8-jbm-5-055]--[@b10-jbm-5-055] however, only three case reports of carboplatin-induced immune hemolytic anemia exist. Marani et al[@b12-jbm-5-055] described an 8-year-old boy, treated with a carboplatin-based chemotherapy regimen, who complained of low back pain during his 26th dose of carboplatin with subsequent overt intravascular hemolysis with his 27th dose. His anemia responded to blood transfusion, and the hemolysis ceased without further intervention.[@b11-jbm-5-055],[@b12-jbm-5-055] Maloisal et al[@b13-jbm-5-055] reported a 44-year-old female developing hemolytic anemia following carboplatin administration. Interestingly, her hemolysis did not worsen with additional doses. Dacha et al[@b14-jbm-5-055] described a 72-year-old female who developed acute onset intravascular hemolysis during infusion of carboplatin and subsequently died of multi-organ failure. In our patient, carboplatin-dependent antibodies were identified. The clinical picture and laboratory evidence support the pathophysiologic mechanism of drug-dependent immune hemolytic anemia resulting in complement fixation and intravascular hemolysis prompting a systemic inflammatory response, resulting in acute multi-organ failure and death.

Conclusion
==========

Although uncommon, DIIHA is often responsive to drug withdrawal and supportive care.[@b3-jbm-5-055] Select drugs have been implicated in a more serious, often fatal form of DIIHA. Here we report the second case of fatal carboplatin-induced immune hemolytic anemia, the first in a pediatric patient. Despite its rarity, DIIHA must be included in the differential diagnosis of any patient receiving platinum-based chemotherapy that presents with overt hemolysis, sudden changes in serum chemistry values, or unexplained back pain. Along with supportive care, clearing the offending antibodies via plasma exchange may control the underlying cause and prevent the brisk and efficient complement fixation that characterizes this form of severe DIIHA.[@b1-jbm-5-055] Due to the rapidity of clinical deterioration, plasma exchange was not performed in this case.

The authors wish to acknowledge the contributions of our colleague, Dr George Garratty, to the fields of immunohematology, hematology, and transfusion medicine. Dr Garratty sadly passed away during the preparation of this manuscript. Dr Garratty's work and research propelled the field of immunohematology to new fronts, and his persistent curiosity and pure appreciation for the complex nature of transfusion medicine and immune hemolytic anemia was infectious and inspiring. Always available to clinicians and scientists across the world, Dr Garratty was the consummate teacher --guiding us through the complex and sometimes confusing answers to our clinical problems. Dr Garratty was always just a phone call or email away and always willing to help us explain our particular clinical conundrum while simultaneously shedding light on how we could apply the information to the next scenario. He will surely be missed.
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![An axial, non-contrast enhanced view of the brain shows severe diffuse cerebral and cerebellar edema.\
**Notes:** The normal definition between gray and white matter tissue is poor because of the edema. The quadrigeminal and ambient basal cisterns (white arrows) are no longer seen due to upward transtentorial herniation. The fourth ventricle (black circle) is not seen as edematous cerebellum displaces the CSF. The cystic (asterisk) and calcified suprasellar mass is seen.](jbm-5-055Fig1){#f1-jbm-5-055}

###### 

Vital signs and laboratory values before acute decompensation, on the day of therapy, at the referring hospital, and at our institution

                                     Clinic visit for chemotherapy 2 weeks prior to acute decompensation   Day of clinic visit (1 day prior to acute decompensation)   At presentation to referring hospital   At presentation to our institution
  ---------------------------------- --------------------------------------------------------------------- ----------------------------------------------------------- --------------------------------------- ------------------------------------
  Heart rate (bpm)                   91                                                                    109                                                         122                                     125
  Blood pressure (mmHg)              111/70                                                                149/90                                                      134/82                                  156/91
  Respiratory rate (bpm)             18                                                                    22                                                          44                                      45
  White blood cell count (μL)        4.8                                                                   7.2                                                         9.3                                     8.4
  Absolute neutrophil count (μL)     2,300                                                                 2,900                                                       4,950                                   3,700
  Hemoglobin (g/dL)                  12.2                                                                  9.9                                                         7.2                                     6.2
  Mean corpuscular volume (fL)       101.1                                                                 98.1                                                        90.7                                    Interfering substances
  Platelet count (μL)                224                                                                   241                                                         181                                     92
  Blood urea nitrogen (mg/dL)        11                                                                    NA                                                          47                                      50
  Creatinine (mg/dL)                 0.49                                                                  NA                                                          3.2                                     4.23
  Aspartate aminotransferase (U/L)   23                                                                    NA                                                          1,636                                   3,977
  Alanine aminotransferase (U/L)     27                                                                    NA                                                          1,263                                   3,029
  Total bilirubin (mg/dL)            0.4                                                                   NA                                                          5.6                                     7.7
  Direct bilirubin (mg/dL)           NA                                                                    NA                                                          NA                                      3

**Abbreviations:** NA, not available; bpm, beats or breaths per minute.

[^1]: George Garratty passed away March 2014
